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Diseases of the glomerulus have always held a special place of interest for nephrologists. At first glance
the glomerulus is a simple filtering structure connected to a couple of pipes, like so many manmade fluid-
filtering systems. Of course, on closer inspection, advancement in science has revealed much of the beauty
and complexity of this structure.
In 1697, proteinuria was first mentioned in a clinical context (1). Initial studies on albuminuria were
performed in 1814 by Jack Blackall (1). One hundred thirty years after proteinuria was first reported,
Richard Bright established its relation to renal disease; John Bostock then showed how loss of protein
through the urine could lead to a decrease in the amount of protein in the blood (2).
Each individual glomerulus works with its millions of counterparts adjusting to a multitude of physiologic
disruptions, reliably helping to maintain homeostatic equilibrium. Yet the glomerulus is also prone to
injury, particularly related to autoimmunity and inflammation.
Interestingly, in 1905, one of the first descriptions by Muller (3) to classify glomerular diseases was
simple: degenerative versus inflammatory.
The glomerulus is a tuft of capillaries connected to the afferent and efferent arterioles. The capillary wall
differs from other capillaries by having three instead of two layers. A fenestrated endothelium, similar to
that found in the liver, partially covers the glomerular basement membrane (GBM), and its importance is
generally underappreciated. The GFR is proportional to the total area of fenestrations, and disorders of
fenestrations play a role in proteinuria and loss of renal function. The second layer of the capillary wall,
the GBM, is composed of a variety of proteins, most importantly type IV collagen, which forms the
membrane’s ultrastructure. The GBM serves several functions, including vital aspects of size and charge
filtration selectivity. Heparin moieties provide a barrier to the vectorial movement of certain negatively
charged molecules. Perhaps the first major advances in the pathobiology of glomerular diseases came with
the discovery of how alterations in type IV collagen components led to structural and functional changes
that result in Alport syndrome. The third and final component of the capillary wall is the epithelial cell or
podocyte, a terminally differentiated cell that projects foot processes over the GBM. Gaps, or slits,
between these cells, covered by thin-slit diaphragms, are the route for regulated filtration. The podocyte
has a critical role in the filtration barrier, forming a highly organized structure, disorders of which cause
proteinuria. Taken together the glomerular capillary wall is a remarkable structure that allows for high-
volume filtration while maintaining charge and size selectivity and preventing loss of significant quantities
of protein.
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During the prebiopsy era, clinical observations helped define different forms of classification of
glomerular diseases. In 1913, lipoid nephrosis was first described, and in 1927 came the first delineation
of nephrotic versus nephritic syndrome (4). The procedure that revolutionized glomerular disease was the
development of the kidney biopsy in the 1950s (5). This led to not only an expansion of disease categories
but the rise of nephropathology.
Glomerular diseases are a result of infections, autoimmunity, chronic illnesses, or cancer. Although
secondary causes have slowly increased in number, the search for what activates the immune system
remained puzzling. While the science of immunology showed progress, the glomerular diseases needed a
new leaf of understanding.
In the prebiopsy era, Thomas Addis recognized in his earliest book three major forms of disease:
hemorrhagic, degenerative, and arteriosclerosis (6). He called his classification “last arrangement” and
categorized patients with proteinuria in accordance with its causation. In 1955, the first descriptions of
diabetic nephropathy appeared, classification of lupus nephritis was mentioned, and treatment strategies
were proposed (7). Glomerular disease research blossomed in this era. Many advances in vasculitis and
anti-GBM disease (8) were made in the ensuing years, but the pathobiology of three common causes of
glomerular diseases—membranous nephropathy, FSGS, and minimal-change disease—remained obscure.
For most of the brief history in which we have had some awareness of the glomerulus and its diseases, our
treatments have been decidedly crude and inelegant. Steroids, cyclophosphamide, and chlorambucil have
been bombs tossed in darkness at hidden enemies, occasionally hitting their targets, just as often causing
substantial collateral damage. But now the situation is changing. In recent years understanding of the
pathophysiology and of treatment of glomerular diseases has advanced rapidly.
Ultimately, knowledge of the pathobiology of the glomerular diseases is required for treatment precision
and greater efficacy and safety. The progress here has been substantial and is the reason for this Moving
Points series. In membranous nephropathy, Beck et al. (9) recently described M-type phospholipase A2
receptor as the primary target antigen. Subsequent work has led to an understanding that approximately
80% of patients with membranous nephropathy produce antibodies against this glomerular antigen, and
rapidly growing evidence shows the primary causal role these antibodies play. Next it will be important to
understand why antibodies against a normal component of the glomerular epithelial cells develop. In
membranoproliferative GN, two important breakthroughs have changed our understanding; first the
discovery of the key role of the hepatitis C virus and next, elucidation of pathobiologic effects of
complement dysregulation. The latter finding has already been exploited therapeutically by the use of
biologics that inhibit formation of the membrane attack complex. In addition, a novel classification for
membranoproliferative GN has been proposed (10). Last but not least, the APOL1 gene discovery, which
has contributed to the understanding of the genetic basis of FSGS (11) in African Americans, and the
urokinase receptor relationship to FSGS (12) complete a series of superb discoveries in glomerular
diseases.
In this series of articles, Masani, Ponticelli, Appel, Cattran, and coauthors describe four glomerular
diseases with special attention to recent developments in understanding pathobiology: membranous
nephropathy, FSGS, IgA nephropathy, and membranoproliferative GN. Other glomerular diseases are no
less important but are not included because they have been recently covered in detail in other CJASN
articles. These articles point to important advances that make this an exciting time to be caring for patients
with these disorders and point to a promising future.
Footnotes
Published online ahead of print. Publication date available at www.cjasn.org.
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